The First Department of Surgery, Tohoku University School of Medicine and *Department of Pathology, the Research Institute for Tuberculosis and Cancer, Tohoku University, Sendai 980 TAKAHASHI, Y., TAKAHASHI, T., TAKAHASHI, W. and SATO, T. Morphometrical Evaluation of Extrahepatic Bile Ducts in Reference to Their Structural Changes with Aging. Tohoku J. exp. Med., 1985, 147 (3) , [301] [302] [303] [304] [305] [306] [307] [308] [309] Forty-three autopsy cases with neither history nor anatomic evidence of hepatobiliary or pancreatic diseases were submitted to morphometrical evaluation of the internal diameter of the common hepatic duct. At a cross section of the duct the perimeter length of the mucosal basement membrane was measured to calculate its diameter D to be obtained when it was stretched into a circle. The value of D was found to correlate significantly with age, with the upper rejection limit (5% level) growingly elevated from 4.8 mm at 20 years to 7.5 mm at 80 years. This implies that the age of patient should be taken into account in judging clinically whether or not bile ducts actually are dilated. The density in the ductal wall of elastic fibers was also determined and was shown to increase as the senile dilatation progressed, a sign of adaptive reinforcement of wall tissue that is liable to gradual hysteresis under chronic tension load, bile duct ; pathology ; morphometry ; senile dilatation ; elastosis Since a dilated bile duct in cholangiogram strongly suggests the presence of biliary disease, the establishment of the range for its ordinary diameter is a matter of great clinical significance.
Although several measurements of extrahepatic ducts have been made on cholangiograms (Sachs 1966; Fans et al. 1975; Lasser et al. 1978; Deitch 1981; O'Dwyer et al. 1981) , credibility of the data remains doubtful, for instance because the magnification of pictures can be greatly influenced by uncontrollable factors such as patients' grade of obesity. Cholangiometry on ultrasonography (Cooperberg et al. 1980; Bruneton et al. 1981; Kaude 1983; Niederau et al. 1983) , with still unsatisfactory resolution of images, does not appear to have attained sufficient accuracy. Moreover, the in vivo dimension of the bile duct itself can fluctuate due to recurrent contraction of the gallbladder. On the other hand, bile ducts are said in some reports to dilate gradually in aged individuals, but strict morphological criteria are still lacking by which to judge, taking the patient's age into account, whether or not a duct is dilated. These circumstances prompted us to determine in autopsy cases the diameter of the common hepatic duct (CHD) so as to establish an unequivocal anatomic basis on which to compare among ducts from patients with various hepatobiliary diseases. In addition, histological changes of mural elements particularly of elastic fibers have been analyzed and correlated with senile dilatation of ducts, in order to discuss the mechanism of this phenomenon in the light of pressure-tension relationship involving the extrahepatic bile ducts.
MATERIAL AND METHODS
Forty-three autopsy cases, 22 males and 21 females, selected from the Department of Pathology, Tohoku University Hospital, served as the basic material. The patients ranged in age from 4 months to 84 years, with neither history nor anatomical evidence for hepatobiliary or pancreatic diseases. Those who had a history of abdominal surgery were excluded. After fixation in 10%-formalin, a cross-sectioned slice was taken from the common hepatic duct (CHD) at a place 5 mm above its confluence with the cystic duct. The specimens were embedded in paraffin, sectioned at 3 ,u m and were stained with Elastica-Goldner and Elastica-HE stains.
The diameter D of CHD was calculated from its inner perimeter length L. A section of CHD was magnified and projected onto a sheet of tracing paper by use of a profile projector (Nikon, model V-16C), and the contour of the mucosal basement membrane was delineated as faithfully as possible. The perimeter length L of this contour was measured using an image analyzing system comprizing a microcomputer (HP, model 216) and a digitizer (HP-9111A). L was divided by ,r, and the internal diameter D was obtained (Fig. 1) . The density in ductal wall of elastic fibers was also microscopically determined ; eight sampling lines were drawn on a section of CHD so as to penetrate its wall in radial directions, and the number of elastic fibers intersecting with each of the lines was counted, the average number C of which was calculated and was used to express the grade of mural elastosis. RESULTS D, the internal diameter of CHD, ranged from 1.75 mm to 6.89 mm with a common clear tendency to increase with advancing age (Fig. 2) . Even in the ages over 20 years where the growth of organs must have finished, the luminal width of CHD showed to continue increasing. The diameter at 20 years of age was only 1.4 times larger than that of an infant of 4 months, while the liver weight of the former was as much as 7 times. On the other hand, CHD at 80 years was more than twice that of 20 years, though at a constant or even decreased liver weight. There was a correlation between D and the age of patients with a correlation coefficient of 0.76 that was proved to be significant at 1% level, showing that the normal upper limit of D is not constant in adults and has to be determined in reference to age. The upper rejection limit of D was calculated as follows, based on the regression equation of D against age, that is written as ; D = 0.044x + 2.27, where x is the age. Perpendiculars were drawn from the points of data to the regression line and their lengths were calculated ; based on the distribution of these lengths, the upper rejection limit of D was calculated at 5% level according to the rejection method of Smirnoff. The result, as entered in Fig. 2 , shows that the internal diameter of CHD normally does not exceed 4.8 mm at 20 years but the upper limit is elevated to 6.1 mm and 7.5 mm at 50 and 80 years respectively. When the diameter exceeds these upper limits the bile duct is quite likely to be abnormally dilated. The histological appearances of the wall of CHD at different ages were shown in Fig. 3 . CHD from a 7-year-old patient (Fig. 3A) shows that the ductal wall consists of uniform collagen fibers and contains few elastic fibers. In a 19-yearold patient in Fig. 3B , elastic fibers are increasing in the inner layer of the wall whereas in the middle layer, the fibers appear somewhat finer. CHD from a 68-year-old patient (Fig. 3C) shows strikingly dense, transmural formation of elastic fibers that are thicker than in the younger individuals. Thus, elastosis was a prominent feature in elderly individuals, resulting in plexiform abundance of fibers throughout the wall over 50 years of age. This was substantiated by the measurement of the transmural number C of elastic fibers that was significantly correlated with the age of the patients (Fig. 4) ; correlation was also demonstrated between C and D (Fig. 5) .
DISCUSSION
Whether or not extrahepatic bile ducts of a patient are dilated is of crucial diagnostic importance and requires that, in advance, the range for normal diameter of these be defined as an unequivocal standard. As yet, however, the mean and the maximum diameters of ordinary ducts described in literature, as measured at various places on x-ray film, on ultrasonography or directly at laparotomy (Deitch 1981) or autopsy (Benson 1940; Mahour et al. 1967) , are much fluctuating as seen in the list of Table 1 . At the common bile duct, for instance, the mean diameter ranges from 3.4 mm (Kaude 1983 ) to 9.7 mm (Deitch 1981) ; the maximum diameter also varies from 8.5 mm (Lasser et al. 1978) to 19 mm (Deitch 1981) . Assumed responsible for this disagreement are the following two factors :
One is likely to have derived from the technical aspect of measurement. In vivo cholangiometry, whether on x-ray or on ultrasonography, can harbor errors TABLE 1. The dimension of bile ducts given in the literature due to both uncontrollable magnification and unsatisfactory resolution of images. Measurements on autopsy or at the time of operation that have been made using an ophthalmologic caliper are open to another error that is produced by disregarding the fact that the actual shape of bile ducts cannot always be circular. In view of this, in the present study the internal diameter D at a maximally dilated condition was obtained measuring the inner perimeter length L, so that variously distorted cross-sections may be compared at an anatomically standardized condition. We chose for histometry the place of the common bile duct 5 mm above the confluence of the cystic duct, a portion apparently least influenced by the contraction of the gallbladder or of Vater's papilla.
The other cause of varying data is the fact that the diameter of bile ducts can be much influenced by age. Indeed, the tendency of ducts to widen in aged individuals has been reported by all previous authors except O 'Dwyer et al. (1981) who denied correlation between the age and ductal diameter. Bruneton et al. (1981) stated that ducts were dilated over 50 years. However, to what degree the ducts are dilated at what age has not been given in any quantitative term. Fans et al. (1975) performed statistical treatment but they only included patients operated for cholecystolithiasis, a material clearly inappropriate for establishing a normal standard. In order to develop a basis on which one can determine the presence or absence of ductal dilatation in reference to age, we made a correlation analysis of the diameter D with the patients' age. A close, highly significant correlation has been demonstrated, where the mean D at 80 years more than doubled that at 20. It has been also shown that the upper rejection limit does not exceed 4.8 mm under the age of 20, while it gradually rises to reach 6.1 mm at 50 and 7.5 mm at 80 years respectively. Of course one cannot directly apply this postmortem result to in vivo cholangiometry that requires its own standard, yet it appears to be of great clinical significance that it is in direct proportion to age that the extrahepatic bile ducts enlarge.
Mainly responsible for this senile dilatation appears to be the tension on duct wall due to bile pressure. One may apply to a segment of bile duct the law of Laplace T = Pr that correlates mechanical factors involved in a thin-walled tube, where T is the tension acting along the wall in transverse direction, P the internal pressure and r the radius of the tube. Thus, the minute but lasting pressure P of bile produces a corresponding mural tension T which, in the wall of duct where one can find few smooth muscles, is counterbalanced only by fibrous substances such as elastic and collagen fibers. The duct wall as an elastic structure appears to succumb gradually to chronic stress, an irreversible phenomenon called hysteresis. Another typical example of transformation by hysteresis is the wall of the aorta, as revealed in a measurement of aortic radius we performed in a series of 89 autopsy cases (Fig. 6) . The radius at the height of the coeliac artery behaves in exactly the same fashion as CHD, showing a continuous and endless dilatation with aging. One may be reminded of the wall structure of the aorta that comprizes abundant elastic laminae but few smooth muscles. The increase of elastic fibers reinforcing loosened connective tissues has been demonstrated not only in the aorta but in other organs for instance in the alveolar septa of the lung of aged subjects where ductus or sacculus alveolaris are evidently dilated. Nuboer (1931) described senile elastosis of bile duct wall, while paying no attention to how the change is related with senile dilatation. In view of the above result that the density of elastic fibers correlates with the enlarged CHD, one may interpret mural elastosis simply as an incomplete compensatory reinforcement of worn-out structure, or as a process of adaptation to senile changes of connective tissues. 
